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TITLE 

HEAT EXCHANGER FORMED FROM TUBES JOINED BY 
SIMULTANEOUS EXTRUSION TEIERMAL BONDING 

BACKGROUND OF THE INVENTION 

Efficient plate type units (panels) used in nylon heat exchangers are 
produced by a twin sheet thermoforming process with internal gas assist, which 
gives an essentially flat plate consisting of a number of tubes joined by ligatures 
formed fix)m the sheets of nylon. This process is described in US 5,195,240, 



Such plates and the heat exchangers formed from them provide excellent 
heat transfer efficiency for the space volume occupied, but can tolerate only 
relatively low internal pressures, restricting their applicability. Tubing formed by 
extrusion can tolerate much higher internal pressure. In a high efficiency 
15 exchanger a large number of small tubes are required; constraint and support of 
these tubes is required. Use of tubing located between two bonded sheets of 
plastic to achieve this support is described in US 5,469,915. However, this still 
requires ligatures between the tubes, which reduces heat transfer efficiency. 

20 SUMMARY OF THE INVENTION 

The present invention provides a heat exchanger made from polymeric 
tubes in the form of tube sheets with a multiplicity of at least three tubes adjacent 
each other in a plane, bonded together by extrusion of the tubes. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic representation of a tube sheet of the invention which 
has been bonded together by simultaneous extrusion. 

Fig. 2 is a schematic view of an extrusion die that can be used to form the 
30 tube sheets or panels of the invention. 

DESCRIFnON OF THE PREFERRED EMBODIMENTS 
The present invention provides tube sheets or panels constructed from 
tubes and processes to construct these panels, wherein the tubes are bonded to 
35 each other in a parallel, essentially flat manner with no ligature between the tubes. 
The outer (surface) layer of the tube is a polyamide, preferrably nylon 6,6 or 
modified nylon 6,6. Additional layers of thermoplastic can be incorporated into 
the tubing by coextrusion to enhance other properties, such as incorporating a 
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layer of thermotropic liquid crystal polymer (LCP) to enhance the moisture barrier 
of the structure. 

Panel formation is accomplished by simultaneously extruding a 
5 multiplicity of tubes in a plane, with the tubes touching each other at the 

interstices very shortly after exiting the die, allowing tube to tube bonding to take 
place. 

In the drawing, Fig. 1 shows a tube sheet at 10 with tubes 11-15 laid 
10 adjacent each at 18 -20. The inside of tubes 11 - 15 shows at 17. Thetubesare 
preferably made of nylon 6,6 or nylon 6 or blends of nylon 6,6 with nylon 6, 
having an outer diameter of 1 mm to 3.8 mm (0.040 or 0.98 inches). The tubes 
can be formed by extrusion through a conventional extrusion die shown in Fig. 2 
at 30, with die holes 31-36 corresponding to tubes 11-16. If desired to obtain 
15 greater stiffiiess or greater resistance to permeabihty, liquid crystal polymers 

(described below) can be laminated with the nylon 6,6, preferably in a laminate of 
nylon/LCP/nylon. 

In the polymer used in the tubes, other optional ingredients may be 
20 selected from flame retardants, anti-blocking agents, slip additives, pigments or 
dyes, piocessihg aids, plasticizers and ultra-violet blocking agents. These may be 
used in suitable quantities as are well known to those skilled in the art. 

Liquid crystal polymers can also be used in forming layers in the tubes, 
25 including: One of the materials which is part of the HESM is an isotropic 

thermoplastic (TTP). Isotropic herein means that the polymer is isotropic when 
tested by the TOT Test described in U.S. Patent 4,1 1 8,372, which is hereby 
included by reference. Any ITP may be used so long as it meets certain 
requirements. It must of course withstand the temperatures to which the HESM is 
30 exposed, and should throughout that temperature range provide siifBcient strength 
(together with the LCP) to the HESM to reasonably maintain its shape and contain 
the fluids in the heat exchanger, as needed. If it is exposed to one or more of the 
fluids in the heat exchanger (or any other adventitious materials that may contact 
it) it should be preferably reasonably chemically stable to those fluids so as to 
35 maintain its integrity. 

Although various types of heat exchangers made simply of ITPs have been 
described, ITPs sometimes have serious drawbacks when they are the only 
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materials in HESMs. Sometimes an ITP may not be chemically stable to one or 
more of the fluids in the heat exchanger, for instance, many polyesters hydrolyze 
or otherwise degrade in the presence of water, water-alcohol, or water-glycol 
mixtures, especially at higher than ambient temperatures. Many ITPs are 
5 relatively permeable to many liquids and/or gases, and therefore allow losses 
and/or migration of these materials in or firom the heat exchanger. Some ITPs 
may be swollen by one or more of the fluids used in the heat exchanger thereby 
changing their dimensions and/or physical properties. All of the above are of 
course problems in plastic heat exchangers. , 

10 

It has been found that a layer of a thermotropic liquid crystalline polymer 
(LCP) used in the HESM often alleviates or eliminates one or more of the above 
mentioned problems. By an LCP is meant a polymer that is anisotropic when 
tested in the TOT Test described in U.S. Patent 4,1 1 8,372. If the LCP layer is 

1 5 placed between a fluid and any particular PIT in the HESM it usually protects that 
ITP from chemical degradation by the fluid, and/or also often protects the FTP 
from being swollen by that fluid. In addition, even if the ITP is swollen, the LCP 
because of its high relative stiflBaess, and the fact that it is not swollen by many 
fluids, help the overall HESM maintain its shape and dimensions. Also, the LCP 

20 acts as an excellent barrier layer to many fluids. For instance, in automotive heat 
exchangers which help cool the engine, the commonly used internal coolant is a 
mixture of a glycol and water, and the external coolant is air. With many ITPs 
diffusion of water and/or glycol is so rapid that frequent replenishment of the 
water/glycol mixture is needed. If an LCP layer is included, the diffiision is 

25 greatly decreased. 

In order to obtain nq)id heat transfer through the HESM, thickness through 
^' the material between the heat transfer fluids should be a small as possible. This 
would be true with any material used for an HESM, but is especially important 
30 with plastics since their heat transfer coefficients are usually relatively low when 
compared to metals. Since the LCP is usually the more expensive of the polymers 
present in the HESM, it is economically preferable to limit its use. Therefore, in 
most constructions it is preferred that the LCP is present in relatively thin layer(s) 
and that layer(s) of the ITP be relatively thick so as to carry much of the stractural 
35 load of the HESM (i.e., pressure of the fluid(s), maintain structural shape and 
dimensions, etc.). 
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The HESM is made up of one or more LCP layers and one or more layers 
of HP. If more than one layer of LCP or UP is present, more than one type of 
LCP or UP, respectively, can be used. In addition other layers may be present. 
For example, so called tie layers, also called adhesive layers, may be used to 
5 increase the adhesion between various LCP and ITP layers, or between ITP layers 
or between LCP layers. The number and placement of the various layers in the 
HESM will vary depending on the particular polymers chosen, the fluids used in 
or by the heat exchanger, temperature requirements, environmental needs, etc. 

10 Most commonly, tie layers and LCP layers will be relatively thin 

compared to the ITP layer(s). Typical constructions are given below, wherein 
Fluids 1 and 2 represent the fluids involved in the heat transfer: 

(a) Fluid l/LCP/TTP/Fluid 2 
15 (b) Fluid l/ITP-l/LCP/ITP-2/Fluid 2 

(c) Fluid l/LCP-l/ITP/LCP>2/Fluid 2 

(d) Fluid l/ITP-l/LCP~l/ITP-2/LCP-2/nuid 2 

(e) Fluid l/TTP- l/rrP-2/LCP/FIuid 2 

(f) Fluid l/LCP-l/ITP-l/ITP-2/LCP-2/Fluid 2 

20 

In all of the above constructions, tie layers may be present between all, some or 
. none of the various polymer layers. 

Some of the above constructions may be particularly useful in certain 
25 situations. If Fluid 1 but not Fluid 2 chemically attacked the ITP, construction (a) 
may be particularly usefixl, but (c) and (f) may also be utilized. If both Fluids 1 
and 2 attacked the ITP present construction (c) or (f) may be particularly useful. 
If one wanted to minimize diffusion of one fluid to another, a construction having 
two LCP layers, such as (c), (d) or (f) could be chosen. If a special surface is 
30 required to reduce abrasive damage on the Fluid 1 side, but great stif&ess is also 
required from the ITP, a construction such as (e) could be chosen wherein UP-l 
and ITP-2 have the requisite properties. These and other combinations of layers 
having the correct properties for various appUcations will be obvious to the 
artisan. 

35 

Useful LCPs include those described in U.S. Patents 3,991,013, 3,991,014 
4,011,199. 4,048,148, 4,075,262, 4,083,829,4,118,372, 4,122,070, 4,130,545, 
4,153,779, 4,159,365, 4,161,470, 4,169,933, 4,184,996. 4,189,549, 4,219,461, 
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4,232,143, 4,232,144, 4,245,082, 4,256,624, 4,269,965, 4,272,625, 4,370,466, 
4,383,105, 4,447,592, 4,522,974, 4,617,369, 4,664,972, 4,684,712, 4,727,129, 
4,727,131, 4,728,714, 4,749,769, 4,762,907, 4,778,927, 4,816,555, 4,849,499, 
4,851,496, 4,851,497, 4,857,626, 4,864,013, 4,868,278, 4,882,410, 4,923,947, 
5 4,999,416, 5,015,721, 5,015,722, 5,025,082, 5,086,158, 5,102,935, 5,1 10,896, and 
5,143,956, and European Patent Application 356^26. Useful thermotropic LCPs 
include polyesters, poly{ester-ainides), poly(ester-imides), and polyazomethines. 
Especially useful are LCPs that are polyesters or poly(ester-amides). It is also 
preferred in these polyesters or poly(estCT-amides) that at least about 50 percent, 
1 0 more preferably at least about 75 percent, of the bonds to ester or amide groups, 
i.e., the free bonds of -0(0)0- ^6 -C(0)NR'- wherein is hydrogen or 
hydrocarbyl, be to carbon atoms which are part of aromatic rings. Included within 
the definition herein of an LCP is a blend of 2 or more LCPs or a blend of an LCP 
with one or more ITPs wherein the LCP is the continuous phase. 

15 

Useful UPs are those that have the requisite properties as described above, 
and include: polyolefins such as polyethylene and polypropylene; polyesters such 
as poIy(ethylene terephthalate, poly(butylene terephthalate), poly(ethylene 2,6- 
napthalate), and a polyester from 2,2-bis(4-hydroxyphenyl)propane and a 

20 combination of isophthalic and terephtfaalic acids; styrenics such as polystyrene 
and copolymers of styrene with (meth)acrylic esters; acrylonitrile-butadiene- 
styrene thermoplastics; (meth)acrylic polymers including homo- and copolymers 
of the parent acids, and/or their esters and/or amides; polyacetals such as 
polymethylene oxide; fully and partially fluoropolymers such as 

25 polytetrafiuoroethylene, polychlorotrifluoroethylene, 

poly(tetrafluoroethylene/hexafiuoropropylene) copolymers, 
poly[tetrafluoroethylcne/perfluoro(propyl vinyl ether)] copolymers, poly(vinyl 
fluoride), poly(vinylidene fluoride), and poly(vinyl fluoride/ethylene) 
copolymers; ionomers such as an ionomer of an ethylene-aciylic acid copolymer, 

30 polycarbonates; poly(amide-imides); poly(ester-carbonates); poly(imide-ethers); 
polymethylpentene; linear polyolefins such as polypropylene; 
poly(etherketoneketone); polyimides; poly(phenylcne sulfide); polymers of cyclic 
olefins; poly(vinylidene chloride); polysulfones; poly(ether-sulfones); and 
polyamides such as nylon-6,6 nylon-6, nylon-6,12, nylon-6,12, nylon 4,6, and the 

35 polyamides from terephthahc acid and/or isophthalic acid and 1,6-hexanediamine 
and/or 2-methyM,5-pentanediamine. Polyamides are prefeired ITPs and 
preferred amides are nylon-6,6, nylon-6, and a copolymer of terephthalic add 
with 1,6-hexandiamine and 2-methyl-l,5-pentanediamine wherein 1,6- 



5 



wo 00/79206 



PCT/CAOO/00739 



hexanediamine is about 30 to about 70 mole percent of the total diamine used to 
prepare the polymer. Especially preferred polyamides are nylon-6,6, nylon-6 and 
a copolymer of tcrephthalic acid with 1,6-hexandiamine and 2-methyl-l,5- 
pentanediamine wherein 1,6-hexanediamine is about 50 mole percent of the total 
5 diamine used to prepare the polymer. Included within the definition of ITP herein 
are blends of 2 or more ITPs or blends of one or more ITPs with an LCP provided 
that the ITP(s) is the continuous phase. 

One or more (if present) of the ITPs may be toughened. Toughening is 
10 known in the art, and may be accomplished by adding one or more or a rubber, 
fimctionalized rubber, resin which reacts with the ITP such as an epoxy resin, or 
other materials. Tougjiened polyamides are preferred. 

The polymers may contain other materials conventionally found in 
15 polymers, such as fillers, reinforcing agents, antioxidants, antiozonants, dyes, 

pigments, etc. An especially useful material is a filler with high heat conductivity, 
which may increase the efficiency of the heat exchanger. 

The composition of a tie layer will depend on which two polymers are on 
20 either side of it. For instance the tie layer may be an ITP fimctionalized or grafted 
to provide adhesion between the ITP and LCP layers, or may be a blend of one or 
more ITPs and one or more LCPs. 

Typical thicknesses for ITP layers will range firom about 0.025 to about 
25 0.25 mm. Typical thicknesses for LCP layers will be about 0.01 to about 0.1 mm. 

Tie layers will usually be as thin as possible, consistent with their providing 
^ . adhesion between polymer layers. This is usually about 0.01 to about 0.1 mm. 
The total thickness of the structure is preferably less than about 0.7 nun, more 
preferably about 0.12 to about 0.5 mm, and especially preferably about 0.1 5 mm 
30 to about 0.4 mm. 

Heat exchangers of many different configurations are, made and used, see 
for instance R. K. Shah, et al., in W. Gerhartz, et al., Ed., Ulhnann's Encyclopedia 
of Industrial Chemistry, 5th Ed., Vol. B-3, VCH Verlagsgesellschaft mbH, 
35 Weinheim, 1988, p. 2-1 to 2-108. As can be seen fi-om this article, and is well 
known in the art, probably the two most common heat exchange "elements" are 
the tube and the plate. In a tube type heat exchanger one of the fluids flow 
trough a usually circular cross sectioned tube, while the other fluid flows on the 
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exterior of the tube. Usually many small tubes are employed to create a large heat 
exchange surface. Sometimes the tubes may be filmed for more ef&cient heat 
transfer. In a plate element, small passageways, akin to small tubes, are fabricated 
within a plate of the heat exchange material. One of the fluids flows on the inside 
5 of the passageways while the other fluid flows over the exterior smface of the 
plates. The passageways are usually small to increase surface area, and multiple 
p]ates are often used. All of the discussion about heat exchange surface materials 
also applies to heat exchange panels. 

1 0 For tube type heat exchangers, the multilayer material described herein 

can be made by multilayer coextmsion of a tube, see for instance U.S. Patent 
. 5,288,529, However, LCPs when so extruded tend to be weak in the transverse 
direction (perpendicular to the long axis of the tube). Such problems can be 
solved by using a counterrotating die for the LCP portion of the extruded tube, as 

1 5 described in U.S. Patents 4,963,428 and 4,966,807, and G.W. Farell, et al.. Journal 
of Polymer Engineering, vol. 6, p. 263-289 (1986). The tubes can be assembled 
into a full heat exchanger by inserting them into tanks with proper size holes and 
sealing the holes with a filler such as epoxy resin, or by heat sealing. 

20 Heat exchanger plates of the layered material described herein may be 

made by relatively standard methods. They may be directly coextruded, complete 
with passages in them, A flat sheet or film may be coextruded, thermofoimed into 
the correct shape and joined adhesively or by heat into the plate. Such 
coextmsions are known processes, see for instance H. Mar, et al., Ed., 

25 Encyclopedia of Polymer Science and Engineering, 2nd Ed., Vol. 6, John Wiley 
& Sons, New Yoric, 1986, p. 608-613, ibid,. Vol. 7, 1987, p. 106-127, all of which 
is hereby included by reference. Individual films or sheets of the ITP(s) and 
LaP(s) may be laminated together, then formed into a heat exchanger plate. For 
fabrication of a plastic heat exchanger made with plates see U.S. Patent 

30 4,955,435. 

The heat exchangers described herein are usefiil for automotive and other 
vehicle uses, in aircraft, as comfort heat exchangers, and various ventilating, 
heating and air conditioning applications. They are particularly useful as liquid- 
35 gas heat exchangers used to cool automotive gasoline or diesel engines. In that 
case the liquid is water, water and a glycol, or water and an alcohol. 
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CLAIMS 

1 . A heat exchanger made fiora polymeric tubes in the foim of tube 
sheets with a multiplicity of at least three tubes adjacent each other in a 
plane, bonded together by simultaneously extruding a multiplicity of 
tubes in a plane. 

2. The heat exchanger of claim 1 wherein the tubes are made of 
polyamide. 

3 . The heat exchanger of claim 1 wherein at least five tubes are held 
adjacent each other in a plane. 

4. A method for making a tube sheet of claim 3 wherein a multiplicity of 
tubes held adjacent to each other is provided by simultaneous extrusion 
of the tubes, so that the outer surfaces adhere to each other. 



8 



wo 00/79206 PCT/CAOO/00739 




FIG. 2 



INTERNATIONAL SEARCH REPORT 



litac onai Application No 

PCT/CA 00/00739 



A. CLASSIFICATION OF SUBJECT MiWTER 

IPC 7 F28F21/06 F28D7/00 



Acoofdtng to Intomattonai Patent Claastffcatton (IPC) or to both national cteaalgcaflon and IPC 



& FIELDS SEARCHED 



Minimum documentation eearched (daaeaicaiion ayatem followed t>y 

IPC 7 F28F B29C 



symbols) 



OoouinMtt«lonaaaich«datharlhanininhwmdaeunwntatlontoliMeidaMlM initwiMdaawMcM 



Baeitonle diia baaa oonautod during Itia 

EPO-Internal , PAO 



kitsfntfoni<M«di(nairaofdaiabM««nd. wtampmetlcal.aMiBhtMnMMwi) 



C. OOCUMEKIS OONSIOERED TO BE RELEVANT 



Catogocy' 



C«atk)naldaeuinant.«rilhindeallan. where opprapriate. of ttw relevant {laaMges 



US 6 079 481 A (LOWENSTEIN ANDREW ET AL) 

27 June 2000 (2000-06-27) 

column 8, line 52 - line 62; figure 4A 

US 5 097 893 A (TRIMBLE NORMAN V) 

24 March 1992 (1992-03-24) 

column 5, line 30 - line 35; figures 4,5 

EP 0 168 558 A (AKZO GMBH) 
22 January 1986 (1986-01-22) 
page 6 

page 8, paragraph 2 - paragraph 3; figures 
16,21 

~~ -/- 



HalevanttodabnNo. 



1.3,4 



1-4 



1-4 



Fuithardocumentaara Dated in the continuation of box C. 



Ill 



Patent (amily nnambera are Bated in annex. 



* Special categorise of died documents : 

'A' document defining the general atate of the artwhlehianot 

conaldsred to be of particular relevance 
'E' eailler document but pubBahed on or after the intamatoal 

fiGngdate 

t' document which may throw doubts on priority dalm<») 
which is cited to eetablish the pubficatian dale of another 
citation or other special raaaon (as apedfled) 

*0' document referring to an oral dadosure. use. axhibitfonor 



T' document pubGahed prior to the international IBIng date but 
later than the priority date daimod 



T laterdocumenl published after the Intemational ffilijg dje 
Of priority data and not In conflict with the appBc^n but 
cifaadtoundaraiandthe principle or theory underiyingthe 
frtventlon 

•X" documert of particular relevance; the claimed Invention 
cannot be conaidBred novel or cannot be considered to 
involve an Invertdve step when the document is taken alone 

•y document of paitieular relevance; the ctaaned Invention 
cannot be oonaklaradto Involve an inventivie atep when the 
document leoomblnedwtti one or more other w^docji- 
mentB. such combinaiion being obvloua to a pereon flkHled 
Intheart. 

*&* document member of the same ptfanttamily 



Oatoof the actual completion of the Intamational aaaich 



6 October 2000 



Data of maiang of the international aeafch report 

16/10/2000 



Name and mailing addraaa of the ISA 

European Patent Offioe, P^. S616 Patentlaan Z 
NL-2280HVRi)9wiJk 
Tel. -70) 340-2040. Tx. 31 651 epo nl, 
Fax: (-»ai-70) 340-3016 



Authorized oflloer 



Mootz, F 



Fonn PCT4SA/Z10 (Mcond thoi*) (July 1802) 



INTERNATIONAL SEARCH REPORT 



OCConUmiMion) DOCUMENTS CONSIDERED TO BE RELEVANT 


Catagaiy * 


Citation of document, with IrvScaetton.whara oppropriaia. of the islovant paaaagM 


Relevant to da&n No. 



Irto 'onal AppUcatJon No 

PCT/CA 00/00739 



DE 195 29 227 A (STEAG AG) 

13 February 1997 (1997-02-13) 

column 2, line 7 - line 11 

column 3, line 11 - line 16; clalns 1,2; 

figure 1 

US 3 438 432 A (WETCH JOSEPH R ET AL) 
15 April 1969 (1969-04-15) 
column 3, line 70 -column 4, line 8; 
figure 4 

EP 0 572 187 A (CESARONI ANTHONY JOSEPH) 
1 December 1993 (1993-12-01) 
cited in the application 
claims 1,7; figures 

DE 19 37 783 A (gOnTER SCHOLL) 
4 February 1971 (1971-02-04) 
claim 1; figures 

DE 11 67 513 B (ARTUR BRAUN) 

9 April 1964 (1964-04-09) 

column 1, line 39 - line 51; claim 1; 

figures 



1-4 



1-4 



1-4 



1-4 



Feim PCT4SAfilO (cofittHMlfan cf Moond ahMt) Pi^ 1902} 

page 2 of 2 



INTERNATIONAL SEARCH REPORT 

IntoniMtlon on patont tamBy mofflbon 



Mm "ttialAppllcrtlonNo 

PCT/CA 00/00739 



Patant document 




Publication 




Patent family 


rnjoucaoon 


dtad in seareh report 




dats 




membei(s) 


date 


US 6079481 


A 


27-06-2000 


NONE 




US 5097893 


A 


24-03-1992 


AT 


117066 T 


15-01-1995 








CA 


2000020 A.C 


03-02-1991 








DE 


69015930 D 


23-02-1995 








DE 


69015930 T 


07-09-1995 








EP 


0416733 A 


13-03-1991 



EP 0168558 A 22-01-1986 DE 3426445 A 30-01-1986 

DE 3575695 D 08r03-1990 

JP 1814016 C 18-01-1994 

JP 5023932 B 06-04-1993 

OP 61043528 A 03-03-1986 

US 4740344 A 26-04-1988 



Uc 19529ZZ7 A 


13-02"199/ 


AT 


1QA77C T 
laO//0 1 


1 K— 1 9—1 OQQ 






l\C 

Ub 




9*?— 1 9— 1QQ0 








9/0oo9/ A 


on— no— 1QQ7 






CD 

tr 


f\QA'iQf\A A 








DC 


fx/ H n 


02-12-1968 






DE 


1751590 A 


08-07-1971 






FR 


1571767 A 


20-06-1969 






GB 


1240141 A 


21-07-1971 






IL 


30252 A 


30-08-1972 






NL 


6808746 A 


27-12-1968 






SE 


338059 B 


30-08-1971 


EP 0572187 A 


01-12-1993 


CA 


2096035 A 


30-11-1993 






DE 


69316790 D 


12-03-1998 






DE 


69316790 T 


06-08-1998 






US 


5469915 A 


28-11-1995 


DE 1937783 A 


04-02-1971 


DE 


1926187 A 


26-11-1970 






DE 


1948407 A 


08-04-1971 






BE 


750699 A 


23-11-1970 






BG 


20404 A 


05-11-1975 






CH 


517281 A 


31-12-1971 






CS 


174119 B 


31-03-1977 






FR 


2043609 A 


19-02-1971 






GB 


1311998 A 


28-03-1973 






JP 


49030180 B 


10-08-1974 






NL 


7005449 A 


24-11-1970 






RO 


61351 A 


15-01-1977 






US 


3648768 A 


14-03-1972 






YU 


124870 A.B 


30-06-1976 



DE 1167513 B NONE 



Foon PCT/ISM210 (peoani Imly mnM) pmy taes) 



